Objective: Poverty is both a cause and consequence of tuberculosis. The objective of this study is to quantify patient/ household costs for an episode of tuberculosis (TB), its relationships with household impoverishment, and the strategies used to cope with the costs by TB patients in a resource-limited high TB/HIV setting.
Introduction
In 2010, more than a quarter of tuberculosis (TB) cases and 23% of TB-related mortality occurred among Africans [1] . Nigeria has one of the highest TB incidence rates in Africa (199 per 100 000 population) [1] , and one of the highest TB/human immunodeficiency virus (HIV) co-infection rates (25%) [1] . In Nigeria, the public health-care system, into which TB control is fully integrated, is constrained by lack of human resources and difficulties in providing outreach services particularly in rural areas. And due to the inconsistencies in the quality of care given by for-profit private hospitals throughout the country, they have not been adequately integrated in to the programme [1] . Thus, despite achieving 99% Directly Observed Treatment Short course (DOTS) coverage in 2007 [2] , Nigeria ranks 4 th among high tuberculosis burden countries in the world with a low case detection rate for all tuberculosis cases of 40% [1] . Universal access to care and reducing the socioeconomic burden associated with tuberculosis are key objectives of the current World Health Organisation (WHO) Stop-TB strategy [3] . The WHO lists economic factors as one of four barriers to tuberculosis care [3] . Economic factors may include medical costs; transport, accommodation and subsistence costs, lost income, productivity and time. Moreover, TB mainly affects the most economically-productive age group, this results in substantial economic burden on affected households [4] . Such economic barriers may limit the use of health services, particularly by the rural poor [5] .
Although few studies have assessed the costs of TB care for patients and households in Africa, methodological bottlenecks identified in these studies precluded systematic analysis [6] [7] [8] [9] [10] [11] . A systematic review of the economic burden of TB care in the region showed that full costs have been assessed only for an urban population in Zambia [12, 13] . Studies of both urban and rural populations reported only average direct or indirect costs covering either the pre-diagnostic or post-diagnostic period only [12] . And, few investigated how patients cope with the costs of tuberculosis care and the potential gains of collaborative TB/HIV services [12] . However, more recently, full patient costs for TB services have been reported for Kenya and Ghana, but it was during a pilot-test for a standardized instrument on patients' costs [14, 15] .
In order to establish an evidence base for interventions that can contribute to TB-related poverty reduction, increase equity in accessing care, and increase TB case detection [12] , there is need to document the full economic burden of TB care borne by patients across various settings in Africa with a standardised instrument. Nigeria's National TB & Leprosy Control Programme (NTBLCP) has removed user fees, fees for anti-TB drugs and laboratory tests, and introduced a community-based DOTS strategy which has reduced patients' costs [2] . However, costs to patients and their households of care-seeking from illness onset to treatment are less well-documented [16] . We estimated the comprehensive costs of TB diagnosis and treatment (intensive phase) from the patients' perspective in an under-resourced high TB/HIV setting. Specifically, we determined the components of these costs, their relationship to household impoverishment, and the strategies used to cope with the costs.
Materials and Methods

Study area
Ebonyi State is located in the South Eastern region of Nigeria with an estimated population of over 2.5 million people [17] . The state is divided into three geopolitical zones each having four or five of the 13 local government areas (LGA) in the state. Although recent data show a decreasing incidence of TB in Ebonyi state [18] , case detection rates remain below 40% [unpublished data]. Also, HIV prevalence assessed through national sentinel surveys among pregnant women showed that HIV prevalence in the state has declined from 9.3% (1999) to 3.3% (2010) [19] , but TB/HIV co-infection rate is 28% [20] .
Study Setting
Due to constraints of resources and the inability of health system to recruit and retain rural health workers in the public sector, there is limited availability of health services in public facilities in rural and remote areas of Ebonyi State. Thus, several not-for-profit mission (private) hospitals provide basic and secondary health services in those settings. The NTBLCP, with the support of the German Leprosy Relief Association incorporated these rural private facilities for TB service delivery in the state. The NTBLCP provides anti-TB drugs and laboratory services as well as paying the fees for radiologic imaging studies (X-ray) in these facilities. The quality of TB services provided at health facilities covered by the NTBLCP at facility level are monitored by the district and zonal Tuberculosis and Leprosy Control supervisors responsible for managing and coordinating TB and leprosy control activities in their respective districts and zones. Also, they report monthly to the State TBL supervisor who undertakes regular supervision visits to all the facilities. In accordance with WHO/NTBLCP guidelines, all pulmonary TB suspects submit three sputum specimens for microscopy and may or may not have an X-ray examination as part of their evaluation.
Within the public sector, TB services (consultations, diagnostic tests, drugs and hospitalisation) are provided free-of-charge. At the private (mission) hospitals, TB diagnostic tests and treatment services are also provided free-of-charge. However, all patients irrespective of their health problem visiting the facility pay a nominal consultation fee. Following diagnosis, very ill patients are admitted during the first month of treatment, whereas stable patients are treated as outpatients. TB patients admitted at the mission (private) hospitals pay a flat fee of $50-$67 for hospitalisation and food. Adherence is directly monitored by the health workers for admitted patients and during weekly drug collection visits for outpatients. In accordance with national guidelines, adherence for patients treated on an outpatient basis is observed by a family member (DOTS supporter) and/or a volunteer community health extension worker (CHEW) living in the patient's rural community. The CHEW keeps a record of the patients visited and treatment observations, and their activities are monitored by their district TB control supervisors. Table 1 . Definitions used in the study.
Variable Definition
Direct cost Out-of-pocket payment for TB services and those incurred in the pathway to care to access the service. These include user fees, consultation fees, laboratory test fees, travel costs, food costs and other costs.
Indirect cost
Indirect costs are patients' lost income due to illness/time to receive care -including travel time, waiting time and time for consultation with a health worker.
Coping cost
Costs incurred by patients who attempted to cope with the costs of TB care by: borrowing money or selling their assets. It is estimated as sum of interest paid for loans and/or difference in the market value of assets sold.
Guardian cost
The costs incurred by family members looking after the patient during care. For each guardian, we summarised both direct and indirect costs.
Three rural hospitals; one secondary care public and two (notfor-profit) private from the three different zones in the State were selected as the study sites. The study sites were selected based on geographical spread, logistics and high TB notification rates. Together, they accounted for 70% of total TB notification in the state in 2009 [21] , and, they each represent the main reference hospital for TB services in the three geopolitical zones in the state.
Study design
In a cross-sectional cost-of-illness study, all new adult smearpositive or smear negative pulmonary TB patients who were registered in the three rural hospitals between January and August 2011 were eligible.
Participants
Eligibility criteria: new pulmonary TB patients aged $15 years old, with at least one month but less than three months of treatment completed, and normally resident in Ebonyi State. Patients within this treatment period were included because they could easily recall their pathway to care.
Sampling strategy & sample size
Consecutive consenting eligible patients were interviewed at each study site until the required sample size was reached. With a sample of 400 patients, we were able to detect an estimated 50% prevalence of TB patients with catastrophic costs at 95% confidence level and an absolute sampling error of 0.05.
Data collection
Two locally recruited research assistants who are community health workers with bachelor's degrees and had participated in a standardised training session conducted the interview. A standardised questionnaire from the Poverty sub-working group of the StopTB Partnership titled: ''Tool to Estimate (TB) Patient's Costs'' was used [22] . Interviews were conducted in private rooms and the assistants translated the questions into the local language (primarily Igbo) according to patient preferences. Weekly supervision of the data collectors was conducted by district Tuberculosis and Leprosy Control supervisors and by the main researcher (UKN).
Measurements and definitions
The primary outcome variable was the mean (median) patient and household costs incurred. Possible covariates included: age, gender, type of TB, household income group, household size, residence, category of health facility, and HIV status.
Four types of costs were summarised: direct including coping costs, indirect, guardian and household costs (Table 1) . Also, costs were summarised for two periods: pre-diagnostic and post diagnostic (Table 1) . Income lost pre-diagnosis was estimated from the difference in self-reported monthly patients' income before the illness and in the pre-diagnosis period. For time loss, we assumed that an average unskilled worker in Nigeria would work 24 days a month, 8 hours per day (224 hours a month), we used the monthly incomes reported by each patient to derive an hourly wage rate to estimate each patient's indirect pre-diagnosis costs from time loss. While for indirect costs post-diagnosis, we used minimum wage rate in Ebonyi State to derive wage rate for lost income and time -as most are poor patients who stopped working or suffered job losses during TB treatment, the least they could have earned during this period would have been the minimum wage in the State. However, for the few patients who retained their full pre-diagnosis monthly income, we used this to estimate their indirect costs post-diagnosis. All costs are reported in 2011 US$ (1 US$ = N150).
Routine data on sputum smear microscopy result, date of treatment initiation, HIV status, smear and type of TB obtained from the patients were verified from the TB treatment register and individual patient treatment cards.
Data analysis
The data were double-entered, cleaned, and analysed using Epi Info 3.4.1 (CDC, Atlanta, GA USA). For each patient, cost summaries were also generated using Microsoft Excel (Microsoft, Multivariable logistic regression analyses were used to determine factors associated with household poverty before TB illness, and after TB diagnosis and treatment. First, bivariate analyses were done with Chi-square tests to examine the effect of each predictor variable on household poverty. Then, a stratified analysis was performed to determine the occurrence of interaction and confounding between the predictor variables. Interactions were determined by Chi-square for differing odds ratios (ORs) by stratum, while confounding was assessed by comparing the Mantel-Haenszel summary OR to the crude OR. Multivariable models were then constructed; including all variables of clinical importance and all with bivariate P,0.2. A backward elimination approach was used to find the best model. P-values less than 0.05 were significant. Sensitivity analyses were conducted using standard methods [23] , to explore the degree of uncertainty associated with indirect cost estimates. We used a variation of 25% decrease/increase from the base-case scenario to explore the degree of uncertainty around length of pre-diagnostic return trips, number of drug collection visits, foregone income during treatment and foregone income post-diagnosis.
Ethics Statement
The study was approved by the research and ethics committee of Ebonyi State University Teaching Hospital Abakaliki, Nigeria. Also, permission was obtained from the study sites. A signed informed consent was obtained from all patients before interview.
Results
Socio-demographic characteristics and care-seeking behaviour
The study surveyed 480 eligible patients. Full records were completed for 452 patients. The sample was 45% (203) female and 55% (249) male; 44% (198) of the patients were the primary household income earners, and 38% (170) had no formal education ( Table 2 ). At the onset of symptoms, only 11% (48) of the patients initially visited a public facility; while 89% (404) reported that they first consulted either of a drug shop, mission hospital, traditional healer, or private hospital. For the latter group, factors which determined the patients' choice of facility for initial consultation were; waiting times 26% (118), costs 20% (90) and distance to the facility 23% (104). The median pre-diagnosis delay at the study facilities was 8 weeks (IQR 8, 12 weeks).
Pre-diagnosis/diagnosis direct costs
Median direct (out-of-pocket) expenditures incurred pre-diagnosis was $49 ($39, $85) per patient (Table 3 ). This includes expenditures incurred due to consultations from public, private or informal providers. Few of the patients (n = 30) were admitted in Table 3 . Total patients' and household costs of TB care and summary. the hospital before TB was diagnosed. Hospitalised patients incurred a substantial higher direct costs: hospitalised median ($103) versus not-hospitalised median ($45) (P,0.001). Before getting a TB diagnosis, patients completed a median of three health facility visits lasting a median of 10 hours. Costs due to non-TB drugs and diagnostic tests accounted for a high proportion of direct expenditures in the pre-diagnosis period (36% and 28% respectively). The remaining proportion of the expenditures were for transportation (21%), food (7%) and user fees (8%) ( Table 4) . Patient pre-diagnostic costs did not differ significantly across smear status or gender. However, older age (P = 0.003), poor patients (P = 0.02), private hospital care (P,0.001), HIV-sero-positivity (P,0.001) and urban residence (P,0.001) were significantly associated with higher patient prediagnostic costs.
Post-diagnosis (treatment) direct costs
The patients surveyed had received anti-TB drugs for a median of 2 months of an 8-month regimen. Except for patients who were hospitalised during the first month of treatment, additional expenditures due to DOT visits were not incurred as all the surveyed patients received community-based DOTS at home. Median direct treatment cost was $36 ($24, $42) for 8 visits lasting a median of 140 (IQR 90, 200) minutes each ( Table 3) . Majority of the direct costs incurred during treatment were for transportation during drug collection/follow-up visits (70%) and food (13%); hospitalisation and user fees together accounted for (17%), (Table 4) . Post-diagnosis costs did not differ significantly by HIV status, smear status or income level while, older patients (P,0.001), male patients (P = 0.002), private hospital care (P,0.001), or urban residence (P,0.001) had significantly higher costs.
Coping costs
About 88% (398) of the patients adopted a coping strategy to handle the costs of TB; they either borrowed money only 212 (47%), sold assets only 42 (9%) or both 144 (32%). The median total amount for coping strategies was $26.7 ($0, $50) ( Table 3) . Poor patients were particularly likely to have borrowed money (P,0.02; x 2 = 6) or sold their assets (P,0.02; x 2 = 6) to cope with the costs of care. For patients who sold their assets, the amount earned was significantly below the market value estimated by the patient (P,0.001).
Indirect costs
Indirect costs incurred during the pre-diagnostic period up to the end of the intensive phase of treatment ($416) constituted 79% of total patient costs ($528) or 52% of median annual patient income ($800). Most of the indirect costs were from lost income (Table 3) . For the pre-diagnosis period, this was calculated using each patients' monthly income before the illness (median $66.7), multiplied by the duration of time the patient was out of work because of their illness (median 5 months, n = 410) i.e. median income loss equals $333.3; and added to the value of time loss (median 10 hours). For the post-diagnosis period, the monthly patient income -median $40 (i.e. the minimum wage in Ebonyi State) was multiplied by the duration of time on TB treatment (two months), and added to the value of the time loss over 8 drug collection visits (median 2.3 hours).
HIV and TB
All the facilities surveyed had TB/HIV collaborative activities. About 29% (132) of the patients were HIV-infected. Compared with HIV-negative patients, HIV-positive patients incurred 43% higher direct costs during the pre-diagnosis period ($53 vs. $76; P,0.001). Also, post-diagnosis, HIV-positive patients incurred 11% higher direct treatment costs associated with collection of anti-retroviral drugs, however this was not statistically significant ($39 vs. $35; P = 0.6).
Total patient and household costs
The sum of median direct and indirect patient costs was $528 (Table 3) . This corresponds to 66% of median annual individual incomes ($800) before TB illness. The median household cost (patient and guardian) was $592 this was equivalent to 37% of median annual household income ($1600) before TB illness. After TB care, total household costs for TB care rose to 57% of median annual household income ($1040) ( Table 3 ).
Changes in household poverty level before and after TB
To inform the debate regarding increase in household impoverishment due to TB, we evaluated the effects of changes in household income on household poverty levels and its correlates. Following an episode of TB (before TB illness and after care comparison), there was a reduction in household income which increased the proportion of households classified as poor from 54% to 79% (Fig. 1) . Across age-groups, residence and gender categories (Table 5) , the proportion of households classified as poor following an episode of TB increased between 20% and 37% (P,0.001). Similarly, across type of facility visited, HIV status and smear status irrespective of category, the proportion of households classified as poor significantly increased following an episode of TB (Table 5) . Furthermore, across patients' educational status, household where the patient with TB was a graduate were the most affected; in this group, households being classified as poor increased from 33% to 100% (P,0.001; Table 5 ).
We further evaluated factors affecting household impoverishment before TB illness and after TB care (Table 6) . Before TB illness, independent predictors of household poverty were; rural residence (adjusted odds ratio 
Productivity and social impact of TB
The survey sought to know the number of hours worked per week by each patient prior to and after the onset of TB symptoms. About 97% (440) reported that they worked fewer hours due to TB; (median hours worked per week decreased from 50 to 10). Of those who reported a reduction in the number of hours worked, a family member took over the job of 96% (422) of them; in 54% (228) of cases this was a child (68% female). Also, 83% (374) of respondents stated that their social life was affected due to TB, resulting in job losses 55% (258), dropping from school 11% (48), disruption of sexual life 11% (48), and separation/divorce from spouse 8% (36). None of the patients reported having any form of health insurance.
Sensitivity analysis
A one-way sensitivity analysis ( Table 7 ), showed that the results were not sensitive to possible imprecision in the estimated indirect costs for length of pre-diagnostic return trips, rate of drug collection visits, and foregone average income during treatment. However, indirect costs estimates were sensitive to changes in foregone income pre-diagnosis.
Discussion
In this study we have shown that in a setting of high burden of TB/HIV and poverty where TB services are free of charge, TB patients face considerable payments and financial losses before and during treatment. Most of the costs are due to lost income and time (52% of annual patient income pre-diagnosis). Thus, loss of work impacts economically on patients with TB resulting in impoverishment and worsening of their situations [14] . Also, we found that direct costs are still substantial (14% of annual patient income) with non-TB drugs, diagnostic tests, coping costs and transport as the biggest cost items [14, 16] . A few other studies from Africa have used similar instrument to assess TB patient costs [13] [14] [15] . The median direct patient costs observed in this study ($111) was far higher than the average direct costs of $7, $28 and $56 found in Zambia, Ghana and Kenya respectively [13] [14] [15] . Average patient costs observed as a proportion of their annual income are comparable to other studies which estimated the economic impact of TB in African countries [6, 9, [12] [13] [14] . Not surprisingly, a substantial proportion of TB patients adopted coping strategies that are likely to further impoverish their household to cope with the illness. Our finding was higher than previously observed in Tajikistan where 65.7% of patients relied on similar detrimental coping strategies to handle the costs of TB [24] .
Also, we have shown that poor households with a TB patient face high economic burden of care [9] . Our results showed that irrespective of the household status, location, patient demographic or clinical characteristics, once TB occurs in a household, it drives the household deeper in to poverty [25, 26] . Our findings confirm a 'medical poverty trap' situation where expenses increased while incomes fell [14, 27] . Households with patients in the younger age group were the most associated with increased household impoverishment after TB care. A possible explanation is that this age group are the most productive economically [5] . Thus, any illness affecting households with younger patients are likely to suffer severe financial loses.
Also, TB/HIV co-infection was a significant predictor of increased out-of-pocket expenditures for TB care. This may be because of increased number of care-seeking visits before a proper diagnosis. A previous study suggests that collaborative TB/HIV services are cheaper for patients [7] ; however, we found that although patient direct treatment costs did not differ according to HIV status, prediagnostic/diagnostic costs were significantly higher for HIVinfected patients. Our study suggests that collaborative TB/HIV services can be cheaper through decentralisation of these services to rural communities and by reducing patient pre-diagnosis delay.
Only one-tenth of the patients initially visited a public facility at the onset of TB symptoms. This led to long delays in treatmentseeking pathways before a proper diagnosis was made. Inefficiencies in public health facilities and lack of pro-poor TB control services at rural private facilities were two main constraints responsible for prolonged delay and increased cost of TB diagnosis [10, 13, 24, 28] . The rural poor are left with the private facilities who often charge user fees and other fees. This constrained choices of care for the poor results in TB being a significant predictor of Table 7 . Sensitivity analyses for varying differences of patients' length of pre-diagnostic return trips, length of foregone income pre-diagnosis, rate of drug collection visits, and average post-diagnostic income. increased household impoverishment among the poor [9] . Thus, interventions that ensure TB diagnosis closer to the homes of the patients, for example, through active community-based case finding could lower the household impact of TB before diagnosis. Also the existence of user fees and other fees indicates that although in theory TB services are provided free-of-charge, in practice it is impossible for an individual to receive these 'free' services without first paying to gain access to care [13] . TB case detection under the current DOTS strategy in Nigeria occurs through passive case finding [2] . Increasing patients and community education, removing user/accommodation fees, increasing health insurance coverage, and encouraging individuals to present early to health centres are strategies from our study that may improve TB case detection [13, 15] . There is also need to further strengthen the capacity of rural public facilities to offer TB services through improved health worker motivation and retention. In the absence of strong public health systems, the informal private sector must be strengthened to offer TB services in rural poor settings [29] . For example, linkages should be created with private drug shops/pharmacies to refer individuals with cough for more than 2 weeks to nearby facilities registered with the NTBLCP. Also, providing safe and quality-assured sputum collection points at strategic locations in the community for example, near the drug shops may ensure that individuals receive early diagnosis thereby lowering costs. More patient-support enablers, nutrition, and transport vouchers are other interventions that could lower patient and household costs [15] .
Although gender was associated with higher costs in some studies [9, 13] , consistent with a previous study, we found no difference in direct costs between male and female patients [24] . However, male gender was a significant predictor of increased household impoverishment after TB care. The most likely explanation for this finding is that men are the main primary income earners in the study setting. Thus, with their income lost due to TB illness and the direct costs for TB care-seeking, their household's may face catastrophic expenditures for their care. This also makes them prone to higher rates of default from treatment once they start improving following treatment as they try to return to work early [30] . A targeted social and economic intervention to households with a male TB patient may lower their risk of impoverishment.
Our study was limited by potential biases. First, we used a crosssectional descriptive design and hence it is not appropriate to conclude that a statistical relationship constitutes a causal link. Second, as in other cost-of-illness studies, we relied on selfreported costs. Thus, recall and reporting bias cannot be excluded. We limited recall bias by conducting the interview within two months of starting treatment, which reduced recall time. Interviewers were trained to recognize unusually high costs for specific items and to clarify by comparing the reported costs to local prices for comparable items. In low-income countries, incomes are generally more difficult to estimate due to greater reliance on the informal economy, self-employment and seasonal/ agricultural activity [14, 31] . Therefore, it is difficult to ensure that patients are reporting incomes. Comparing the annual per capita income of Nigeria in 2011 ($1200) [32] , with our finding of median annual individual income of $800, it is likely that self-reported income was under-estimated in this study. But, given that the study was conducted among mainly the rural poor, the median income estimates are expected to be lower. In addition, asking individuals to assign monetary values to unpaid housework were difficult concepts to understand [14] . Another limitation is that we only analysed two coping strategies, while many more exist [24] . We focused on those financial coping strategies that may lead to future impoverishment.
In conclusion, patients and their households face major expenditures due to TB care and 88% of patients employ coping strategies that potentially impair future income. Also, costs of TB care accounted for 66% and 37% of patients and households income respectively. TB patients visit several informal providers and experience long delays before diagnosis in this setting. Improved community and patients' education about TB, strengthening of rural public and private health systems, incorporating informal health providers, removal of user fees and other fees, and further decentralization of TB/HIV collaborative activities to rural settings are simple interventions at the level of case management that could reduce diagnostic delays and lower expenditure for patients and their households. In view of the high costs, such mitigation strategies are urgently needed. Also, other interventions like financial protection specific for poor households and households with a male patient or HIV-positive individuals are needed. It is important to further investigate the impact of these interventions on patient costs and treatment outcomes within both the local context; and different low-income and rural settings. 
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